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A CRITICAL STUDY OF THE ABSORPTION OF POLYPEPTIDES 

I N  THE: FAR-ULTRAVIOLET AS A MEANS OF 

EXTRATERRESTRIAL LIFE DETECTION 

By Richard D. Johnson 
Ames Research Center 

SUMMARY 

It recent ly  has been proposed and concluded feas ib le  tha t  the far- 
u l t r av io l e t  spectrum of polypeptides can be successfully used i n  a l i f e  detec- 
t i o n  device. A c r i t i c a l  review of t ha t  work shows there  can be serious e r ro r s  
i n  both the  posi t ion and in t ens i ty  of the absorption maxima. i n  t h i s  spec t ra l  
region under the  conditions proposed. Results of c r i t i c a l  experiments a r e  
presented t o  c l ea r ly  i l l u s t r a t e  these e r ro r s  and show them t o  be a t t r i bu tab le  
t o  s t r a y  l i g h t .  I n  addi t ion,  a survey of materials other than polypeptides 
which a l s o  absorb in  the  same spec t ra l  region indicates  t h a t  interference from 
nonpeptides can be substant ia l .  This interference coupled with s t r a y  l i g h t  
e r rors  precludes confidence i n  fa r -u l t rav io le t  absorption as an approach t o  _ _  
e x t r a t e r r e s t r i a l  l i f e  detection. 

INTRODUCTION 

It has been proposed ( r e f s .  1 ,2)  and concluded feas ib le  ( r e f s .  2,3) t o  
de tec t  e x t r a t e r r e s t r i a l  l i f e  by means of the  u l t r av io l e t  absorption of poly- 
peptides i n  the  far u l t r av io l e t  (uv) spec t ra l  region, 1830-2200 A .  

Brief ly ,  t he  method ( r e f .  2 )  proposed t o  analyze aqueous ex t rac ts  of  
s o i l s  with a double-beam, broad-band spectrophotometer operating i n  the 1830- 
2200 8, region. 
divided in to  two al iquots ,  and placed i n  both beams of the  instrument. 
reduction i n  absorption produced by heating one of the samples w a s  then t o  
have been construed as evidence t h a t  the  s o i l  contained polypeptides. 

The ex t rac t  was t o  have been t r ea t ed  with hydrochloric acid,  
The 

This proposed method was based upon experiments i n  which a conventional 
single-monochromator laboratory instrument i n  the  double-beam mode w a s  used t o  
de tec t  t h e  decrease i n  absorption produced by heating a se r i e s  of samples with 
acid.  
such mater ia l  from other substances with absorption i n  the same region. 
hydrochloric ac id  w a s  necessary not only t o  promote hydrolysis but a l so  t o  
protonate any f r e e  carboxylate ions which a l s o  absorb i n  the  same spec t ra l  
region. 

The resu l t ing  hydrolysis of the  peptides w a s  used f o r  dist inguishing 
The 

The present paper provides experimental evidence of sources of e r ro r  i n  
the  proposed method and evaluates i t s  f e a s i b i l i t y .  



EQUIPMENT AND MATERIALS 

Three commercial scanning uv spectrophotometers were used. Two contained 
double monochromators (used i n  r e f .  1) while the  t h i r d  (used i n  r e f s .  2,4) 
contained a s ingle  monochromator. A l l  were operable t o  below 1850 A.  

The c e l l s  were high-grade fused s i l i c a  of 10.0 and 1.0 mm path lengths .  
Demountable c e l l s  were a l s o  t r i e d ,  but found t o  be extremely d i f f i c u l t  t o  
compensate in  regions of  high solvent absorption. 

The chemicals and solvents used were e i the r  ana ly t ica l  or spectrograde. 

PROCEDURES 

All  instruments were purged with nitrogen before use u n t i l  no oxygen 
bands could be detected above 1850 A .  

Stray l i g h t  was measured by the  method used by Doty ( r e f .  3 )  : a 10.0 mm 
c e l l  f i l l e d  with isopropyl alcohol w a s  placed in  the sample beam, and the  
solvent and c e l l  ac tua l ly  used i n  the  analysis  were placed i n  the  reference 
beam. 
indicated by the  detector  below t h i s  point cons t i tu tes  s t r a y  rad ia t ion  of 
wavelength grea te r  than 2030 A .  

The alcohol cuts  off any transmission below 2030 A so t h a t  any energy 

RESULTS AND DISCUSSION 

When attempts were made t o  dupl icate  the  measurements of reference 2, it 
was found tha t  double monochromator spectrophotometers apparently lacked the  
energy necessary t o  keep the  s l i t s  from f u l l y  opening. A s  shown i n  f igure  1, 
the  solvent, 0.1 N hydrochloric acid,  cuts  off  transmission below 1950 A even 
with the 1 . 0  mm c e l l .  
operate well below t h i s  point with narrow s l i t s  and low noise levels ;  they 
noted t h i s  incongruity when they changed spectrophotometers i n  the  course of 
t h e i r  work. 
chosen since Doty ( r e f .  5 )  had used such an instrument i n  previous successful 
uv studies of polypeptides. Although the  l i f e  detect ion approach t o  polypep- 
t i d e  analysis w a s  c losely patterned after Doty's work it did  not consider 
Doty's evaluation of the  possible e r ro r s .  

In contrast ,  t he  authors of reference 2 were able  t o  

For t h e i r  work a s ingle  monochromator instrument was f i n a l l y  

There a re  two contributions t o  the  higher apparent energy l e v e l s  i n  the  
s ingle  monochromator instrument. F i r s t  and most obvious i s  the  f a c t  t h a t  the  
energy i s  t r u l y  higher since there  a r e  fewer op t i ca l  surfaces.  Given equiva- 
l e n t  lamps and detectors  and assuming 90-percent e f f ic iency  f o r  each addi- 
t i o n a l  mirror and the  ex t ra  monochromator, it can be estimated t h a t  a double 
monochromator spectrophotometer w i l l  have about 50 percent of t he  energy of a 
s ingle  monochromator instrument. On the  other hand, t he  double monochromator 
instruments have much lower s t r a y  l i g h t  l eve l s .  Thus, of t he  energy reaching 
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t he  detector ,  the  s ingle  monochromator version contains a higher percentage of 
l i g h t  other than the  primary wavelength. 
detector  thus s a t i s f i e s  the  s l i t  servo system t o  t he  point t h a t  the  s1it.c do 
not f u l l y  open as they should, even when there i s  e s sen t i a l ly  no primary 
radiat ion l e f t .  

This s t r ay  radiat ion h i t t i n g  the  

In ac tua l i t y ,  when used i n  a normal manner, both s ingle  and double mono- 
chromator instruments possess s t r a y  l i g h t  leve ls  below 1 percent i n  the  region 
below 2000 A .  Since s t r a y  radiat ion is  expressed as a percentage of the  t o t a l  
radiat ion incident upon the detector ,  when an absorbing substance i s  placed i n  
the beam, the  primary radiat ion i s  absorbed, leaving a grea te r  percentage of 
s t r a y  rad ia t ion  by a reduction i n  the  t o t a l  energy. 
reference, s t r a y  l i g h t  l eve l s  a r e  e s sen t i a l ly  undetectable without scale  
expansion i n  both types of instruments. 

Even with water as a 

With 0.1 N hydrochloric acid i n  a 1.0 mm c e l l  i n  the reference beam of 
the s ingle  monochromator instrument the  s t r ay  radiat ion r i s e s  rapidly at 
1950 A and reaches approximately 40 percent a t  1750 A, as shown i n  f igure  2. 
In double monochromator instruments, t he  s l i t s  promptly open when the  energy 
fa l l s  off a t  t h e  point of solvent absorption. 

References t o  the  e r rors  resu l t ing  from s t r a y  l i g h t  a r e  numerous 
( re fs .  5-17). 
l a w s ,  t he  measured absorbance i s  given in  equation (2) a f t e r  correction f o r  
s t r a y  l i g h t .  

To summarize b r i e f ly ,  given equation (1) for the  Beer-Lambert 

( I  + I s t ray)  - 
(I, + I s t r ay )  

A measured = -log - Cmeasd' 

where A i s  absorbance, c is  concentration, d i s  path length,  E i s  the  
ext inct ion coef f ic ien t ,  and I and Io 
reference beams, respectively,  incident upon the  detector .  The e r ro r s  a re  the  
grea tes t  a t  t h e  spec t ra l  l i m i t s  of the  instrument (such as the  f a r  uv) where 
t h e  detector  s e n s i t i v i t y  i s  lower t o  the  primary radiat ion than it i s  t o  s t r a y  
l i g h t ,  and where the  source in t ens i ty  is  lower than it i s  a t  other wavelengths. 
The e r ro r s  a r e  a l so  more serious f o r  high absorbance values. 

are the in t ens i ty  of the  sample and 

TO v iv id ly  demonstrate these e r rors ,  an experiment w a s  devised t o  t e s t  
t h e  e f f ec t  of hydrochloric acid upon the  spectrum i n  a s ingle  monochromator 
instrument without any complications due t o  pH. The sample and appropriate 
reference i n  10.0 mm c e l l s  were placed i n  tandem with separate 1 .0  mm c e l l s  
containing e i t h e r  water or hydrochloric acid.  With no sample, the 100-percent 
l i n e  was run t o  show balanced beams. The spectrum with water i n  the  short  
path c e l l  showed no change from t h a t  of the sample alone. 
hydrochloric ac id  d r a s t i c a l l y  a l t e r ed  the  spectrum due t o  the higher percent- 
age of s t r a y  l i g h t .  
nitrogen, versus nitrogen i s  the  same as that  with the 1.0 mm c e l l s  with water 
added t o  each beam; when the  water i s  replaced by the hydrochloric acid,  t he  
spectrum i s  a l t e r e d  so t h a t  the peaks below 1930 

However, 0.1 N 

Figure 3 shows t h a t  the spectrum of acetone vapor i n  

a re  e n t i r e l y  absent.  
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Figure 4 i l l u s t r a t e s  the same e f f e c t  with phenylalanine versus water. 
example, not only i s  the  absorbance g r e a t l y  i n  e r ro r ,  bu t  t he  ac tua l  peak - 
maximum s h i f t s  from 1880 t o  1940 A .  

I n  t h i s  

The r e s u l t s  per ta ining t o  peptide detect ion i n  a Potomac Riverosand 
ex t rac t  were reported ( r e f .  2 )  t o  produce a s h i f t  from 1800 t o  1930 A, and t o  
reduce absorbance upon adjustment of t he  pH. Exactly the  same r e s u l t  would 
have been obtained had the ac id  been placed i n  a separate c e l l  i n  each beam. 
The ac tua l  changes observed by fu r the r  heating of the ac id i f i ed  samples a r e  
qui te  small and could e a s i l y  be a t t r i b u t e d  t o  l o s s  of hydrochloric ac id  upon 
heating . 

From the  above examples, the  r e s u l t s  previously a t t r i b u t e d  t o  the  presence 
of polypeptides can be o p t i c a l  a r t i f a c t s  possessing no r e l a t i o n  t o  the  sample 
i t s e l f .  
in tens i ty  have been shown. Other authors ( r e f s .  7,9,16) have shown t h a t  f a l s e  
maxima can r e s u l t  from some cases of high s t r a y  l i g h t .  
s o r t ,  but due t o  p a r t i a l  molar volume e f f ec t s  have been reported ( r e f s .  1 8 4 9 )  
and might be expected t o  a l s o  play a ro l e  i n  t h i s  case.  
evaluated, however. 

In  t h i s  case the  e r ro r s  of s h i f t  i n  absorption peak pos i t ion  and 

Errors of a similar 

They have not been 

The problems a r i s ing  from s t r a y  l i g h t  could be reduced or eliminated by 
the  use of su l fu r i c  r a the r  than hydrochloric acid,  and a matched p a i r  of 
f i l t e r s  which pass l i g h t  only below 2200 A .  

INTERFERENCE FROM NONPEPTIDES 

Reference 2 l i s t s  23 compounds which a r e  sa id  t o  i n t e r f e r e  with the  
analysis .  This l i s t  i s  by no means comprehensive. 
the  Sadtler uv collection’ show t h a t  a t  2000 A 213, or 70 percent of the  308 
en t r i e s ,  have spec i f ic  ex t inc t ion  coef f ic ien ts  g rea t e r  than the  average of the  
23 compounds reported t o  i n t e r f e r e .  This estimation, however, crude, suggests 
t he  l eve l  of interference which might be expected i n  view of t he  thousands of 
organic compounds t h a t  may be present i n  a s o i l  sample. 
of many in t e r f e r ing  substances, while t he  individual  interference l e v e l s  may 
not be s ign i f icant ,  the sum of a l l  t h e  absorbing species could be expected t o  
in t e r f e re  ser iously.  

The da ta  from volume I of 

With t r a c e  amounts 

A l i s t  of organic compounds which absorb i n  t h i s  spec t r a l  region includes 
olef ins ,  acetylenes,  aldehydes, ketones, carboxylic ac ids ,  ac id  chlor ides ,  
amides, a lky l  n i t r a t e s ,  a l k y l  ha l ides ,  e the r s ,  alcohols,  amines, and aromatics 
( r e f s .  20,21), not t o  mention numerous inorganic ions ( r e f .  18). Certainly 
any sample thought t o  contain polypeptides would have a l i b e r a l  quant i ty  of 
the  above species.  

The suggestion t h a t  ac id  hydrolysis be used t o  d is t inguish  peptides from 
other substances i s  not r e a l l y  a safeguard against  interference s ince many of 

1 Sadtler Research Laboratories,  Philadelphia,  Pa. 
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the  in te r fe r ing  substances a l so  reac t  with acid and could give a s imilar  
change i n  absorption. 
minimize interference.  

Extensive fract ionat ion of  the  sample i s  necessary t o  

CONCLUSION 

The contribution of s t r a y  l i g h t  t o  the  measured absorption of materials 
i n  t he  far uv has been shown t o  be subs tan t ia l  i n  the  case of highly absorbing 
solvents.  

While the spectra of genuine polypeptides are i n  e r ro r  when run i n  hydro- 
chlor ic  acid below 1950 A, t he  absorption i s  real. However, i n  s o i l  samples 
the s t r a y  l i g h t  e r ro r s  m y  e a s i l y  account f o r  t he  spec t ra l  fea tures  a t t r i bu ted  
t o  polypeptides. 
subs tan t ia l .  Without complete f ract ionat ion of t he  sample, interference 
cannot be avoided. 

It has been shown tha t  interference from nonpeptides can be 

The c o d i n a t i o n  of t he  e f f e c t s  of s t r ay  l i g h t  and interference precludes 
confidence i n  t h i s  experimental approach t o  e x t r a t e r r e s t r i a l  l i f e  detection. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett Field, Calif., May 6, 1965 
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Figure 4 .- Ult rav io le t  spectrum of phenylalanine versus water. 
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